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CLAIMS 



[Claim(s)] 

[Claim 1 ] The decision approach characterized by determining the difference of the fill for every 
individual cylinder in the decision approach of the difference of the controlled variable for every 
individual cylinder in the Taki cylinder internal combustion engine. 

[Claim 2] The approach according to claim 1 characterized by making the decision of the difference 
of the fill for every individual cylinder based on an equation, and this equation including the excess 
air factor for every individual cylinder, and the torque contribution for every individual cylinder as a 
variable. 

[Claim 3] The step which adjusts preferably the excess air factor for every [ by which the value of 
lambda= 1 is adjusted ] individual cylinder about each cylinder, Step which determines the 
difference of the torque for every individual cylinder Desirably The approach according to claim 1 or 
2 characterized by the step which assumes the proportionality between the difference of the torque 
for every individual cylinder, and the difference of the fill for every individual cylinder, and draws 
the difference of the fill for every individual cylinder from the difference of the torque for every 
individual cylinder. 

[Claim 4] The approach according to claim 3 characterized by performing measurement for every 
individual cylinder of the generating torque for every individual cylinder, and/or measurement of the 
chamber pressure for every individual cylinder in order to determine the difference of the torque for 
every individual cylinder. 

[Claim 5] The approach according to claim 3 characterized by making indirectly the decision of the 
difference of the torque for every individual cylinder based on evaluation of an internal combustion 
engine's actuation stability. 

[Claim 6] Step which adjusts the torque contribution for every individual cylinder Step which 
determines the excess air factor for every individual cylinder It is the approach according to claim 1 
to 5 characterized by the step which assumes the proportionality between the difference of the excess 
air factor for every individual cylinder, and the difference of the fill for every individual cylinder, 
and draws the difference of the fill for every individual cylinder from the difference of the excess air 
factor for every individual cylinder desirably. 

[Claim 7] The approach according to claim 6 characterized by measuring the excess air factor for 
every individual cylinder for every individual cylinder in order to determine the difference of the 
excess air factor for every individual cylinder. 

[Claim 8] The approach according to claim 5 or 6 characterized by using the input signal of a control 
unit for adjustment of the excess air factor for every individual cylinder in order to determine the 
excess air factor for every individual cylinder. 

[Claim 9] Decision equipment characterized by having a means for determining the difference of the 
fill for every individual cylinder in the decision equipment of the difference of the controlled 
variable for every individual cylinder in the Taki cylinder internal combustion engine. 
[Claim 10] Equipment according to claim 9 characterized by for the means for determining the 
difference of the fill for every individual cylinder operating with an equation, and this equation 
including the excess air factor for every individual cylinder, and the torque contribution for every 
individual cylinder as a variable. 

[Claim 1 1] It is a means for adjusting preferably the excess air factor for every [ by which the value 
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of lambda= 1 is adjusted ] individual cylinder about each cylinder. Under the adjusted excess air 
factor Means for determining the difference of the torque for every individual cylinder Desirably 
Equipment according to claim 9 or 10 characterized by having assumed the proportionality between 
the difference of the torque for every individual cylinder, and the difference of the fill for every 
individual cylinder, and having a means for drawing the difference of the fill for every individual 
cylinder from the difference of the torque for every individual cylinder. 

[Claim 12] Means for adjusting the torque contribution for every individual cylinder Means for 
determining the difference of the excess air factor for every individual cylinder under adjusted torque 
contribution Desirably Equipment according to claim 9 to 1 1 characterized by having assumed the 
proportionality between the difference of the excess air factor for every individual cylinder, and the 
difference of the fill for every individual cylinder, and having a means for drawing the difference of 
the fill for every individual cylinder from the difference of the excess air factor for every individual 
cylinder. 

at- . ——j ■ . . ■ ■ — - — [ ,„^,,, M „, m , :nn--\ l. -fuvui.- ....i ■-- - 

[Translation done.] 



http://www4.ipdl.ncipi.go jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fwww4.ip... 8/18/2006 



JP,2003-522878,A [DETAILED DESCRIPTION] 



Page 1 of 6 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

Technical field of invention This invention relates to the decision approach of the difference of the 
controlled variable for every individual cylinder and equipment in the Taki cylinder (a large number 
cylinder) internal combustion engine. 
[0002] 

The conventional technique To the present-day internal combustion engine, the always more high 
demand is advanced, for example about reduction of actuation stability or harmful matter discharge. 
The demand of that etc. should be filled under all an internal combustion engine's loaded condition, 
and various loaded condition is generated in that case, taking into consideration the demand which 
essentially searches for the reduction or the increment in torque generated by the internal combustion 
engine from an actual operation situation. The main technical problems of the control unit for an 
internal combustion engine are adjusting the torque generated by the internal combustion engine, 
therefore the parameter which affects torque is controlled in various subsystems of a control unit. 
[0003] 

One central control parameter of present-day engine control is the so-called fill influenced in the "fill 
control unit" of a subsystem. In this specification, the concept of "a fill (Fuellung)" essentially means 
the mass of the intact oxygen with which use is presented for combustion. A fill is also called an air 
fill (Luftfuellung) again, control of a fill — standing in a line — gaseous mixture — a presentation — 
so — fuel/air — the fuel enrichment factor in gaseous mixture needs to be controlled exact, fuel/air — 
a mixing ratio is characterized as everyone knows with the excess air factor (air- fuel ratio) lambda 
which shows the ratio between the supply air volume and the theoretical air contents required for 
perfect combustion which determine a fill. In that case, to lambda- 1 supporting ideal value from a 
viewpoint of the optimal combustion without the residue, lambda< 1 corresponds to air deficiency or 
a fault rich mixture, and lambda> 1 supports overair or a lean mixture, the gaseous mixture in a 
control unit — in the subsystem of generation, the fuel mass corresponding to a fill is calculated and 
required injection time and the optimal injection time are set from this fuel mass. Finally, based on a 
combustion process, ignition of suitable gaseous mixture is performed in time. 
[0004] 

In order to perform engine control optimal [ in the case of the internal combustion engine having the 
fuel allocation equipment for every individual cylinder ] in the case of the internal combustion 
engine which had direct injection equipment of the fuel to the combustion chamber of an individual 
cylinder especially, various proposals are already made. For example, it becomes the business 
recognized in the form of torque contribution from which in the case of the Otto cycle engine which 
had fuel direct injection equipment especially the mixed error due to refraction for every individual 
cylinder at the time of operation is brought about, and an individual cylinder [ as opposed to the 
engine total torque in this mixed error due to refraction ] differs by the manufacture tolerance in the 
case of manufacture of an injection valve. This may bring about unstable engine performance. This 
problem is solvable with equalization or adjustment of the torque contribution for every individual 
cylinder. In that case, each contribution of an individual cylinder to actuation instability is 
determined by the suitable measure, and the injection time of a proper is adjusted by the cylinder, 
and it is adjusted so that the torque contribution for every individual cylinder may approach a 
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reference value with the common value of the actuation instability for every individual cylinder by 
this. Such one example of engine control is indicated by 0140965BEP1 official report. Another 
example is indicated by DEI 9828279 official report. 
[0005] 

Moreover, improving engine control in consideration of optimization of harmful matter discharge is 
also already proposed. For that, it is SAE. A paper besides N.Kishi 980415 or 27 pages or less, In 
"Development of the High Performance L4 Engine ULEV System (development of a high 
performance L4 engine ULEV system) 11 Individually, in order to enable combustion by which 
harmful matter was optimized about each cylinder, lambda accommodation effective in order to 
adjust the value lambda of the excess air factor of an individual cylinder to the respectively same, 
optimal value for every individual cylinder is discussed. 
[0006] 

Advantage of invention It characterizes by saying that, as for the equipment based on this invention, 
the difference of the fill for every individual cylinder is determined as the approach list based on this 
invention for determining the difference of the controlled variable for every individual cylinder in 
the Taki cylinder internal combustion engine. By this, this invention enables the break in to the fill of 
the individual cylinder in comparison with the fill of the leading parameter which essentially 
involves to an internal combustion engine's combustion and the decision of operation, i.e., other 
cylinders. Possibility acquired by this invention of detecting the difference of the fill for every 
individual cylinder, or determining makes it possible to correct the difference of this fill to taking the 
difference of a fill into consideration in the case of count of the engine parameter essentially 
influenced by the fill for every individual cylinders of other, and a list by the case for adjustment of 
the difference of the fill for every individual cylinder. Conventionally, only the fuel allocation 
difference was corrected. 
[0007] 

Positive distinction about the thing whether this invention is a thing originating in whether the 
difference of the torque generated among individual cylinders is what essentially originates in the 
difference for every individual cylinder about a fill again, and the difference for every individual 
cylinder about the excess air factor lambda also depending on fuel allocation [ as everyone knows / 
other than a fill ] is also enabled. 
[0008] 

The result of the decision of the difference of the fill for every individual cylinder can be used in 
order to optimize for example, an ignition include angle, and the concept of an ignition include angle 
means the angular position at the ignition time over a reference point, for example, the top dead 
center of the piston of the cylinder which can be set like the combustion line of a cylinder, in that 
case. This can attain amelioration as compared with the conventional knock control. Since the 
difference of the fill for every individual cylinder for which he was asked based on this invention if 
only the internal combustion engine was equipped with the possibility for every individual cylinder 
of control of the air allocation for every individual cylinder, for example, throttle-valve **, is control 
of the throttle valve directly, it can be used by this for adjustment of a cylinder fill. In the case of the 
asymmetric engine geometry which may generate the difference of the big fill for every individual 
cylinder, especially this is advantageous by determining the dimension from which the suction pipe 
for the constraint on structure, for example, an individual cylinder, differs. However, the difference 
of the fill for every individual cylinder can also be used in order to optimize an injection time. 
[0009] 

In one desirable extended example, the decision of the difference of the fill for every individual 
cylinder is made as a variable based on an equation including the excess air factor lambda for every 
individual cylinder, and the torque contribution for every individual cylinder. Inclusion of the 
sensors which it is incomparable to it being possible to abandon measurement of each cylinder fill to 
discrimination of the difference of the fill for every determined individual cylinder, consequently 
correspond by this becomes unnecessary. It has suitable equipment for measurement of the excess air 
factor for every individual cylinder, or decision at the list for the torque measurement for every 
individual cylinder, not to mention it, or decision, and it is enough if a corresponding signal is 
appropriately combined with equipments, such as it. This easy count of the difference of the fill for 



http://www4.ipdl.ncipi.go.jp/cgi-binytran_web_cgi_ejje 



8/18/2006 



JP,2003-522878,A [DETAILED DESCRIPTION] 



Page 3 of 6 



every individual cylinder is especially based on the following knowledge, namely, the gaseous 
mixture the oxygen mass with which the use for an above-mentioned fill, i.e., combustion, is 
presented with the following two operational parameters, i.e., one side, and another side are 
essentially indicated to be with lambda value to the torque generated by one cylinder — a 
presentation (into this, supply fuel mass also enters besides combustion oxygen mass) serves as a 
guide. The comparatively small dependency given by the case where it is called the dependency of 
the torque over an ignition include angle is not taken into consideration in the case of this primary 
approximation. Especially contribution brought about with this dependency can be ignored in the 
case of stratification operation of an internal combustion engine. 
[0010] 

Therefore, one desirable extended example is characterized by suitable adjustment control for the 
difference of the fill for every individual cylinder to be drawn [ that adjustment of the excess air 
factor for every individual cylinder is performed, that the difference of the torque for every 
individual cylinder is further determined by direct measurement or indirect derivation, and ] from the 
difference of the torque for every individual cylinder by the list. In that case, when lambda value of 
all cylinders is equal, the difference of the torque output of the individual cylinder which exists 
depending on the case originates in the difference of the fill of a corresponding cylinder. Especially, 
the direct proportion relation between the torque for every individual cylinder and the fill for every 
individual cylinder is assumed. From a viewpoint of the minimum harmful matter discharge, that 
lambda control for every individual cylinder is performed aiming at lambda= 1 suits the purpose. 
[0011] 

The decision of the difference of the torque for every individual cylinder required for this 
modification can be made by measuring the parameter which are all suitable approaches, for 
example, is related the torque contribution of an individual cylinder or this contribution to the total 
torque, and directly using a suitable sensor. For example, it may have a suitable chamber-pressure 
sensor or a suitable torque sensor. If the decision of the difference of the torque for every individual 
cylinder is made based on evaluation of an internal combustion engine's actuation stability, the 
measurement which the cost using the above sensors requires can be abandoned. For that, the 
approach (by this approach, segment time amount is measured for evaluation of the temporal 
response of rotation of a crankshaft or a cam shaft, and the scale about engine actuation stability is 
formed from this segment time amount.) for the cylinder adjustment indicated by all approaches or 
equipment suitable for this purpose, for example, EP 140065 official report, can be used. One 
extended example of this approach is indicated by DEI 9828279 official report. Moreover, in order to 
detect anyway the combustion misfire which exists by the case, it is also possible to use the value of 
the actuation stability prepared for control. Formation of the value of the actuation stability for 
detection of a combustion misfire is known for example, from DE19610215 official report. The 
Merkmal in connection with formation of the value of the actuation stability of this publication and 
derivation of the torque contribution for every individual cylinder is clearly quoted by this 
specification. 
[0012] 

For example, appropriate control of the injection time of a cylinder proper can determine the 
difference for every individual cylinder of lambda value based on adjusting the torque contribution 
for every individual cylinder, and it. In control by the possibility of adjustment of lambda value 
described previously, lambda value for every corresponding individual cylinder exists as an input 
value of control anyway. A special measuring device, for example, an individual lamda sensor, can 
be prepared as an addition as a substitute for measurement of an individual lambda value. In this 
case, the difference of the fill for every individual cylinder can be derived from the difference of the 
excess air factor for every individual cylinder (when torque contribution of each cylinder is 
essentially equal). This derivation is based on the assumption that supply (contained in excess air 
factor lambda) fuel mass is in direct proportion to the torque which the cylinder concerned generates, 
by primary approximation at least. 
[0013] 

There is no other Merkmal only from explanation in lists, such as this, and it is known also from a 
claim and a drawing. One example of this invention is shown in the drawing, and this example is 
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explained in detail below. 
[0014] 

Explanation of an example The approach for determining the difference of the fill for every 
individual cylinder explained based on drawing 1 is the gestalt of suitable software/hardware, for 
example, the electronic formula engine control system for internal combustion engines, such as an 
Otto cycle engine of gasoline direct injection, is equipped with it. This control unit is constituted so 
that cylinder adjustment of the torque for every individual cylinder other than many of other 
functions may be performed based on the value of an internal combustion engine's actuation 
stability. In that case, it is adjusted so that the individual contribution of each cylinder to engine 
actuation stability may be determined by the suitable measure and the torque contribution for every 
individual cylinder may approach the common reference value whose value of the actuation stability 
for every individual cylinder is one by this at the injection time list of a cylinder proper. Such one 
example of engine control is indicated by 0140065BEP1 official report. Another example is 
indicated by DEI 9828279 official report. The relation to the indication of publications, such as this 
about adjustment of the torque contribution for every individual cylinder, is specified. 
[0015] 

In the case of control for the cylinder adjustment about torque contribution, the actuation stability 
signal showing contribution of the angular acceleration for every individual cylinder with each actual 
cylinder to the total torque is formed. Contribution of the angular acceleration for every individual 
cylinder of this is measured by evaluating the temporal response of rotation of a crankshaft or a cam 
shaft by the so-called segment time amount. Segment time amount means the time amount which 
moves the include-angle field appointed by having, before the crankshaft or the cam shaft is assigned 
to the specific cylinder between them. As an engine rotates to homogeneity, the difference between 
the segment time amount of each cylinder becomes smaller. The scale about engine actuation 
stability is formed from this segment time amount. The injection quantity or injection time for every 
individual cylinder is adjusted until the torque contribution for every individual cylinder is adjusted 
mutually and torque contribution of that etc. becomes equal preferably by suitable evaluation. For an 
understanding of this invention, it is important in such control to get to know that the signal with 
which the relation of torque contribution, such as torque contribution for every individual cylinder or 
it, is expressed especially is also generated. So, such control also brings about the possibility of 
derivation of the torque contribution for every individual cylinder. 
[0016] 

The above-mentioned control also includes the cylinder adjustment control which makes it possible 
one common value and to adjust to lambda= 1 preferably for the excess air factor lambda for every 
individual cylinder again. The lamda control for every individual cylinder of this is essentially useful 
to an improvement of an internal combustion engine's exhaust gas. This control can be committed so 
that it may be adjusted by the correction about fuel injection by the common value whose lambda 
value for every individual cylinder is one. the lamda control for every individual cylinder is 
described by the above-mentioned publication "Development of the High Performance L4 Engine 
ULEV System (development of a high performance L4 engine ULEV system)" — as — evaluation of 
rotational frequency fluctuation of an internal combustion engine — the gaseous mixture for every 
individual cylinder ~ it can work in order to display the difference of a presentation. So, also for this 
reason, the value of actuation stability can be formed for example, by segment time amount. 
[0017] 

In the internal combustion engine having such a control unit, the approach of this invention can be 
enforced as follows, for example (refer to drawing 1 ). The lamda control for every individual 
cylinder is active at the given output time. It is checked whether at the first step SI, the lamda 
control for every individual cylinder is working effectively so that the excess air factor lambda in all 
cylinders may essentially be adjusted equally. For this reason, the excess air factor of each cylinder 
can be measured, for example with the lamda sensor for every individual cylinder. When fully not 
rising so that the lamda control for every individual cylinder may still become equal mutually in the 
narrow field which the lambda value for every individual cylinder can set up beforehand and it is 
adjusted, rechecking about whether the lamda control for every individual cylinder is started is 
preferably performed anew after the time interval defined beforehand (step 2). 
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[0018] 

When the lamda control for every individual cylinder is started, the torque contribution for every 
individual cylinder of each cylinder is determined at step 3. This decision can include measurement 
of the torque for every individual cylinder using a suitable torque sensor, and/or measurement of the 
chamber pressure for every individual cylinder by the suitable sensor, and can draw torque 
contribution from each chamber pressure through a cylinder in that case. The sensors corresponding 
to such measurement and it can be made unnecessary if control of an internal combustion engine is 
equipped with the cylinder adjustment control unit about the torque contribution for every individual 
cylinder of the class stated to the beginning. In this case, the signal showing the torque contribution 
for every individual cylinder exists as an input signal of this control unit anyway, and it can use for 
the decision of the torque for every individual cylinder. In all the above-mentioned examples, the 
condition of saying in the end of step S3 that there is a value about the torque contribution for every 
individual cylinder, relative relation at least between [ of an individual cylinder ] torque contribution, 
or a value about a difference is brought about. 
[0019] 

Values, such as this, are used as an input parameter for step S4, and the difference of the fill for 
every individual cylinder is drawn from the torque contribution with various individual cylinders in 
step S4. This derivation is based on the assumption that determined various torque originates in the 
difference of a fill, i.e., the difference of the content of the oxygen which can be burned, essential 
chiefly. If it puts in another way, the direct proportion relation between the torque of a cylinder and 
packing which exists in a cylinder is assumed. So, when lambda value in all cylinders is essentially 
equal, it is assumed that the difference of the fill of the cylinder to which the difference of the torque 
output of the individual cylinder which exists by the case corresponds is the cause. According to this 
assumption, it is obtained by the outgoing end of step S4 for control of the value of the difference of 
the fill for every individual cylinder. Values, such as this, can be taken into consideration in a control 
device in the case of count of the engine parameter influenced by the fill for every individual 
cylinder, for example, proper ignition accommodation, and injection time accommodation. 
[0020] 

The possibility of the lamda control for every individual cylinder is also because two processes, such 
as this, may control to an opposite direction mutually, if it is why that should be warned that there is 
no need that control of this etc. is activated about the difference of a pure fill at coincidence in 
engine control equipped also with the possibility of the torque control for every individual cylinder. 
The following examples explain this. The cylinder 1 shall have the high fill compared with other 
cylinders. The lamda control for every individual cylinder will raise the injection quantity of a 
cylinder 1 further, in order to adjust an excess air factor to the value of lambda= 1. The raised fill 
brings about a torque output high as a result again. In order that the cylinder adjustment control 
about torque contribution may reduce torque according to this, the injection quantity of a cylinder 1 
is decreased. Therefore, under such a situation, it should be warned that the cylinder adjustment 
control unit about torque is not used for control of the injection quantity, but is used only for 
measurement of the torque contribution for every individual cylinder or derivation. So, the break in 
of adjustment control of torque is not performed. 
[0021] 

On the other hand, in the case of the difference of the pure injection quantity, both adjustment 
approaches can be performed in parallel. It is because both of the approaches correct in the same 
direction. Also in this case, it is desirable that only lamda control for every individual cylinder is 
performed again. When a fill is equal and the lamda control for every individual cylinder is 
essentially started over all cylinders, it is essentially assumed also in the torque for every individual 
cylinder that it is equal. 
[0022] 

It becomes possible to take into consideration the difference of the fill for every individual cylinder 
in the case of optimization of various control parameters for an internal combustion engine by 
decision of the difference of the fill for every individual cylinder which became possible by this 
invention. It becomes possible there now to correct an ignition include-angle [ of each cylinder ], 
and/or injection time for every individual cylinder. This may mean being controlled in an ignition 
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include angle and/or the field where an injection time is the optimal beforehand. By this, more torque 
is generated, and in that case, there will also be more little actuation of the knock control which 
exists depending on the case, and it will end. The completeness adjustable control depending on the 
difference of the fill for every individual cylinder of an inlet valve and/or an exhaust valve is also 
possible. By this, this invention can be used for a valve stroke and/or the accommodation for every 
far free individual cylinder of valve-control time amount by the case. It is realizable to arrange an 
electric machine-type driving gear controllable by the own engine control system of a valve to each 
valve of each by this. In this case, probably, it will also be possible to correct the difference of the 
determined fill by control for every individual cylinder of a valve again. This correction can give a 
fill with a little low cylinder which shows the maximum fill for engine asymmetry, consequently all 
cylinders can essentially send out a part for an equal torque assignment. Engine better actuation 
stability is brought about by this. Probably, the same correction of a fill will be possible, also when 
even an individual throttle valve, i.e., a cylinder, hits and one throttle valve is used again. 
[Brief Description of the Drawings] 
[DrawjngJJ 

In order to determine the difference of the fill for every individual cylinder, it is the flow chart of an 
outline showing one desirable example of the approach based on this invention. 

[Translation done.] 
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